GATA5 SUMOylation is indispensable for zebrafish cardiac development.
SUMOylation is a critical regulatory protein modification in eukaryotic cells and plays a pivotal role in cardiac development and disease. Several cardiac transcription factors are modified by SUMO, but little is known about the impact of SUMOylation on their function during cardiac development. We used a zebrafish model to address the impact of SUMOylation on GATA5, an essential transcription factor in zebrafish cardiac development. GATA5 SUMOylation was probed by western blot, the subcellular localization and transcriptional activity of GATA5 mutants were examined by immunostaining and luciferase reporter assay. The in vivo function of GATA5 SUMOylation was evaluated by gata5 mutants mRNA microinjection and in situ hybridization in gata5 morphants and ubc9 mutants. Firstly, we identified GATA5 as a SUMO substrate, and lysine 324 (K324) and lysine 360 (K360) as two major modification sites. Conversion of lysine to arginine at these two sites did not affect subcellular localization, but did affect the transcriptional activity of GATA5. Secondly, in vivo experiments demonstrated that the wild type (WT) and K324R mutant of gata5 could rescue impaired cardiac precursor differentiation, while the K360R mutant of gata5 drastically lost this potency in gata5 morphant. Furthermore, in SUMOylation-deficient ubc9 mutants, the abnormal expression pattern displayed by the early markers of cardiac development (nkx2.5 and mef2cb) could be restored using a sumo-gata5 fusion, but not with a WT gata5. GATA5 SUMOylation is indispensable for early zebrafish cardiac development. Our studies highlight the potential importance of transcription factor SUMOylation in cardiac development.